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ABSTRACT: 

CHG DATE= 199906 17 STATUS=0> An optical print head includes light-emitting 
array chips (2), driver ICs (4), lens array (10), and circuit board (1) on which the 
light-emitting array chip (29 and driver IC are mounted. The light-emitting 
array chips (2) are aligned in line on the circuit board in the direction in 
which the rod lens extends. Each light-emitting array chip (2) has light 
emitting elements (43) therein aligned in line. The driver IC (4) electrically 
is connected to the corresponding light-emitting array chip ( 2), and 
electrically drives the light-emitting array chip (2) to emit light. The lens 
array (10) gathers the light emitted from said light-emitting elements (43) and 
emanates the gathered light. The lens array (10) has a focal point and is 
positioned relative to the light-emitting array chip (2) so that the focal 
point of the lens array (10) is on the light-emitting elements (43). The 
circuit board has a surface on which the light-emitting array chip (2) and the 
driver IC (4) are mounted. The circuit board (1, 75) supports the 
light-emitting array chip (2) so that the light-emitting elements (43) emit the 
light in a direction parallel to the surface of the circuit board (1, 75). 
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chip (2) has light emitting elements (43) therein aligned 
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tioned relative to the light-emitting array chip (2) so that 
the focal point of the lens array (10) is on the light-emit- 
ting elements (43). The circuit board has a surface on 
which the light-emitting array chip (2) and the driver IC 
(4) are mounted. The circuit board (1, 75) supports the 
light-emitting array chip (2) so that the light-emitting ele- 
ments (43) emit the light in a direction parallel to the sur- 
face of the circuit board (1 , 75). 
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Description 

BACKGROUND OF THE INVENTION 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to an optical print 
head used in electrophotographic recording appara- 
tuses such as an electrophotographic printer and a cop- 
ying machine, and more particularly to the construction 
of the optical print head in which light illuminates a 
latent image-bearing body to torm an electrostatic latent 
image therein. 

DESCRIPTION OF RELATED ART 

Electrophotographic recording apparatuses includ- 
ing electrophotographic printers incorporate an optical 
head, charger, developer, transferring device, and 
cleaner, disposed around a photosensitive drum that 
bears a latent image therein. The optical print head 
incorporates a light source such as lasers. LEDs, and 
liquid crystal devices. For example, with an optical print 
head using LEDs, LED array chips are arranged in line 
on a printed circuit board, each array chip having a plu- 
rality of LEDs fabricated therein. Driver ICs which drive 
the LED array chips are also arranged in line parallel to 
the LED array chips. Electrical connections between the 
LED array chips and driver ICs are made by wire bond- 
ing. The LED array chips emit light in a direction normal 
to the component side, the light traveling toward a lens 
array such as SELFOC lens array. The lens array gath- 
ers the light emitted from the LED chips and directs the 
gathered light to illuminate the photosensitive drum, 
thereby forming a latent image on the photosensitive 
drum. 

The aforementioned optical print head is of the con- 
struction where the LED array chips emit light in a direc- 
tion normal to the component side of the circuit board. 
This construction requires a considerable width which 
occupies a relatively large space when mounted around 
the photosensitive drum. Therefore, the photosensitive 
drum should have a large diameter so that the optical 
print head, can be comforlabiy mounted together with 
other components around the photosensitive drum. A 
larger diameter of the photosensitive drum is an obsta- 
cle to miniaturizing of the apparatus. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
optical print head for use in an electrophotographic 
printer which occupies a minimum space in the direction 
of circumference of the photosensitive drum. 

The object of the invention is achieved by an optical 
print head having a light-emitting array chip (2). driver IC 
(4) that drives the light-emitting array chip (2), lens array 
(10). and circuit board (1) to which the tight-emitting 
array chip (2) and driver IC are mounted. The light-emit- 



2 

ting array chip (2) has light emitting elements (43) 
therein aligned in line. The driver IC (4) electrically is 
connected to the light-emitting array chip (2), and elec- 
trically drives the light-emitting array chip (2) to emit 

5 light. The lens array (10) gathers the light emitted from 
the light-emitting elements (43) and emanates the gath- 
ered light onto the photosensitive drum. The lens array 
(10) has a focal point and is positioned relative to the 
light-emitting array chip (2) so that the focal point of the 

10 lens array (10) is on the light-emitting elements (43). 
The circuit board (1, 75) has a surface on which the 
light-emitting array chip (2) and the driver IC (4) are 
mounted. The circuit board (1, 75) supports the light- 
emitting array chip (2) so that the light-emitting ele- 

I5 ments (43) emit the light in a direction parallel to the sur- 
face of the circuit board (1 , 75). 

Further scope of applicability of the present inven- 
tion will become apparent from the detailed description 
given hereinafter. However, it should be understood that 

20 the detailed description and specific examples, while 
indicating preferred embodiments of the invention, are 
given by way of illustration only, since various changes 
and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art 

25 from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Trie present invention will become more fully under- 
30 stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way 
of illustration only, and thus are not limitative of the 
present invention, and wherein: 

35 Fig. 1 is a cross-sectional view of an LED print head 
of a first embodiment; 

Fig. 2 is a perspective view showing an LED array 
unit of the first embodiment; 
Fig. 3 illustrates a general construction of an elec- 
40 trophoiographic printer of the first embodiment; 

Fig. 4 is a cross-sectional view of a first modification 
of the first embodiment; 

Fig. 5 is a cross-sectional view of a second modifi- 
cation of the first embodiment; 
45 Fig. 6 is a cross-sectional vie of a third modrfication 
of the first embodiment; 

Fig. 7 is a cross-sectional view of a fourth modifica- 
tion of the first embodiment; 
Fig. 8 is a cross-sectional view of a fifth modrfication 

so of the first embodiment; 

Fig. 9 is a cross-sectional view of a sixth modifica- 
tion of the first embodiment; 
Fig. 10 is a cross-sectional view of a seventh modi- 
fication of the first embodiment; 

55 Fig. 1 1 A is a perspective view showing the base; 

Fig. 1 1 B is a perspective view showing the support- 
ing member of the seventh modification; 
Fig. 12 illustrates a modification of the supporting 
member in Fig. 1 1B; 
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Fig. 13 is a perspective view of an LED array unit of 
a second embodiment; 

Fig. 14 is a front view of Fig. 13 as seen in a direc- 
tion shown by arrow A; 

Fig. 15 is a side view of Fig. 13 taken along lines 
XV-XV; 

Fig. 16 is a front view of an LED array chip which is 
a modification of the second embodiment; 
Fig. 17 is a perspective view of a wafer of the mod- 
ified LED array chip; 

Fig. 18 is a cross-sectional view of an LED print 
head of a third embodiment; 
Fig. 19 is a perspective view of the positioning 
member of the third embodiment; 
Fig. 20 is a cross-sectional view of a modified LED 
print head of the third embodiment; 
Fig. 21 is a perspective view of a relevant part of the 
LED print head 71 of the third embodiment; 
Fig. 22 is a cross-sectional view of an LED print 
head of a fourth embodiment; and 
Fig. 23 is a cross-sectional perspective view of a 
lower supporting member of the fourth embodi- 
ment. 

DETAILED DESCRIPTION OF THE INVENTION 
First embodiment 

The preferred embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings. Fig. 1 is a cross-sectional view of an 
optical print head of a first embodiment in the form of an 
LED print head. Fig. 2 is a perspective view showing an 
LED array unit 7. Fig. 3 illustrates a general construction 
of an electrophotographic printer to which the an optical 
print head of the first embodiment is applicable. 

An optical print head according to the present 
invention is an LED print head for use in an electropho- 
tographic printer. 

Referring to Fig. 1 and 2, a plurality of LED (Light 
Emitting Diode) array chips 2 are mounted in line on a 
circuit board 1. The LEO array chips 2 emit light 3a in a 
lateral direction of an LED print head 13, from left to 
right in Fig. 1 . The LED array chips 2 have light-emitting 
elements 3 disposed in its side surface 2a. The light- 
emitting elements 3 are spaced apart at predetermined 
intervals in accordance with the intended resolution of 
the LED print head 13. For example, light-emitting ele- 
ments 3 are spaced apart 42.3 urn intervals if the reso- 
lution is 600 DPI (dot per inch). The number of LED 
chips 2 is determined by the width of a print medium. 
For example, about 40 chips are disposed on the circuit 
board 1. There are as many driver ICs 4 as there are 
LED array chips 2. each driver IC 4 being electrically 
connected by bonding wire 5 to a corresponding LED 
array chip 2 and driving it. The driver ICs 4 are also 
electrically connected by bonding wires 6 to the pattern 
traces on the circuit board 1. The circuit board 1, LED 
array chip 2. and driver IC 4 constitute an LED array unit 



The LED array unit 7 is held on a base 8 made of, 
for example, aluminum, which base 8 serves as a heat 
sink and provides the overall rigidity of the LED print 
5 head. A supporting member 9 covers and holds a lens 
array 10 in the form of. for example, SELFOC lens array. 
The supporting member 9 may be made in one piece 
construction of of any suitable material. The lens array 
10 includes an array of optical fibers. The optical fibers 
w each extend in a direction parallel to the surface of the 
circuit board 1. and gathers the light emitted from the 
LED array chips 2 to illuminate the surface of a photo- 
sensitive drum 1 1 . The lens array 10 is fixedly mounted 
by an adhesive 12. The supporting member 9 holds the 
is LED array unit 7 and lens array 10 so that the focal point 
of the lens array 1 0 is on the light emitting surface of the 
light emitting element 3 of the LED array chips 2. In 
other words, the distance L between the lens array 10 
and light-emitting elements 3 is equal to the focal length 
20 of the lens array 10. The LED print head 13 is of a thin 
construction extending in the direction of travel of the 
light 3a as shown in Fig. 1. 

Fig. 3 illustrate a general construction of an electro- 
photographic printer incorporating the optical print head 
25 13 of the first embodiment. Referring to Fig. 3, The pho- 
tosensitive drum 1 1 is surrounded by the LED print 
head 13. a developer 14, transfer device 15, cleaner 16. 
discharging device 17, and charger 18. 

A hopping roller 19b feeds print paper one sheet at 
30 a time from a paper cassette 19a into a pair of feeding 
rollers 19c. Then the paper is transported to the trans- 
ferring device 1 5 which transfers a toner image onto the 
paper. The paper is then fed between a heat rollers 19d 
for fixing. The paper is then putted by a pair of discharge 
35 rollers 19e into an exit stacker 19f. 

The LED print head 13 is oriented so that 1he opti- 
cal axis of the emitted light passes through the center O 
of the photosensitive drum 1 1 . The LED print head 1 3 of 
thin construction occupies a minimum space in the cir- 
40 cumferential direction of the photosensitive drum 11, 
lending itself to miniaturizing the photosensitive drum 
11, hence a smaller si2ed electrophotographic printer. 

Fig. 4 is a cross-sectional view of a first modification 
of the first embodiment. Referring to Fig. 4, the LED 
45 array chips 2 are mounted on the driver ICs 4. The LED 
array chips 2 are connected to the corresponding driver 
ICs 4 so that the electrode pads of each LED array chip 
2 are electrically and mechanically connected to the 
corresponding electrode pads by an anisotropically con- 
so ductive film. 

The first modification provides the same advan- 
tages as the first embodiment and eliminates the need 
for wire bonding between the LED array chips 2 and 
driver ICs 4, simplifying the manufacture of the optical 
55 print head. 

Fig. 5 is a cross-sectional view of a second modifi- 
cation of the first embodiment. Referring to Fig. 5, the 
circuit board 22 is assembled in an abutting relation with 
the lens array 10. In other words, the position of the lens 



3 



5 



EP 0 790 132 A2 



6 



array 10 relative to the LED array chip 2 is determined 
by the lateral dimension L of the circuit board 22. The 
distance L between the lens array 10 and the surface of 
light emitting elements 3 is selected to be equal to the 
focal length of the lens array 10. 

In the second modification, the position of the lens 
array 10 relative to the LED array chips 2 can be deter- 
mined by the lateral dimension L of the circuit board. 
This eliminates the precision machining of the support- 
ing member 9 which directly affects, in the first embodi- 
ment, the position of the iens array 10 relative to the 
LED array chips 2. 

Fig. 6 is a cross-sectional view of a third modifica- 
tion of the first embodiment. Referring to Fig. 6, the LED 
array unit 7 and the lens array 10 are both mounted on 
a base 24 so that the positions of optical axes of the 
LED array chips 2 and lens array 1 0 are determined with 
respect to the base 24 in a direction shown by arrow A 
perpendicular to the optical axes. The base 24 may be 
made of any suitable material. The LED array unit 7 and 
lens array 10 are mounted on the same flat surface of 
the base 24 so that the height a of the light emitting ele- 
ments 3 is the same as the height b of the optical axis 
10e of the lens array 10. The rest of the construction is 
the same as that of the first embodiment. 

In the third embodiment, the base 24 serves as a 
reference height which is common to the LED array 
chips 2 and lens array 10, eliminating sources of cumu- 
lative dimensional errors resulting from the construction 
Figs. 1, and 4-5 in which the position of the LED array 
chips 2 relative to the lens array 10 is determined by a 
plurality of structural members such as the supporting 
member 9 and base 8. 

Fig. 7 is a cross-sectional view of a fourth modifica- 
tion of the first embodiment. Referring to Fig. 7, the 
fourth modification differs from the third modification in 
that a spacer 26 is inserted between the base 24 and 
the lens array 10. The rest of the construction is the 
same as that of the third modification. 

Mounting the lens array 10 with the spacer 26 
inserted between the base 24 and lens array 10 offers 
an additional degree of freedom in the thickness of the 
lens array 10 since the thickness of the spacer 26 can 
be varied in accordance with the thickness of the lens 
array 10. The spacer is advantageously used to adjust 
the height of the lens array 1 0 so that the the optical axis 
of the lens array is in line with the optical axis of the 
light-emitting LED array chips. 

The spacer 26 may be made of, for example, sili- 
cone rubber which offers intimate contact between the 
lens array 10 and base 24. providing an increased seal 
from the environment. 

Fig. 8 is a cross-sectional view of a fifth modifica- 
tion. Referring to Fig. 8. a base 28 having a U-shaped 
cross section includes an upper plate 28b and a lower 
plate 28a and holds the LED array unit 7, supporting 
member 9, and lens array 10 between the upper and 
lower plates 28a and 28b. The base 28 is made of, for 
example, aluminum or steel. Inserted between the tower 



plate 28a and the lens array 10 is a spacer 26. The rest 
of the construction is the same as that of the fourth 
modification. 

Holding the LED array unit 7, supporting member 9, 
5 and lens array 10 in a "shell-like construction" of the 
base 28 having a U-shaped cross section, the fifth 
embodiment provides a high overall rigidity of the optical 
print head, lending itself to miniaturizing the LED print 
head 27. 

w Fig. 9 is a cross-sectional view of a sixth modifica- 
tion of the first embodiment. Referring to Fig. 9, the sixth 
modification differs from the fifth modification in that a 
supporting member 30 is used in place of the support- 
ing member 9. The supporting member 30 has two 

is engaging portions 31 and 32. The engaging portion 31 
has a bevel 3 1 a and the engaging portion 32 has a hook 
32a. The engaging portion 31 abuts a corner 10b of the 
lens array 10 and the engaging portion 32 abuts a cor- 
ner 10c of the lens array 10, thereby holding the lens 

20 array 10 between the engaging portions 31 and 32. The 
base 28 has a lower plate 28a and an upper plate 28b 
which hold the lens array 10, supporting member 30 
and spacer 26 therebetween in a sandwiched manner. 
When the upper and lower plates 28b and 28a exert 

25 forces in such directions as to forcibly sandwich the lens 
array 10, supporting member 30, and spacer 26 
together, the upper and lower plates cause the corner 
10b of the lens array 10 to slide on the beveled surface 
31a toward the contact surface 33, so that the corner 

30 10c of the lens array 10 is urged against the hook 32a. 
Thus, the lens array 10 is firmly positioned in the direc- 
tion of the optical axis 10e thereof, while also being 
urged against the contact surface 33 of the supporting 
member 30 to be firmly positioned in the direction per- 

35 pendicular to the optical axis I0e of the lens array 10. 

The need for bonding the tens array 10 by an adhe- 
sive is eliminated by the aforementioned construction 
where the lens array 10 is fixedly mounted in intimate 
contact with engaging portions 31 and 32. Merely 

40 assembling the LED array unit 7 and the supporting 
member 30 into the base 28 automatically determines 
th position of the lens array 1 0, simplifying the assembly 
of an LED print head. 

Fig. 10 is a cross-sectional view of a seventh modi- 

45 fication and Figs. 1 1 A and 11B are perspective views 
showing the base and supporting member, respectively. 
Abase 35 having a U-shaped cross section includes an 
upper plate 35b and a lower plate 35a v/hich extend par- 
allel to each other. The upper plate 35b is formed with 

so two cutouts 36a and 36b that define a spring 36 therein. 
The spring 36 has a projection 37 projecting inwardly 
from the inner surface of the spring 36. The spring 36 is 
yieldably and resiliency deformable in a direction sub- 
. stantially normal to the the upper plate 35b. A support- 

55 ing member 38 is formed with an l-shaped groove 39 in 
which when assembling, the projection 37 slidably 
moves. The projection 37 does not cause the spring 36 
to significantly flex when the spring 36 slides on the flat 
bottom' 39a but causes the spring 36 to flex progres- 
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sively outwardly as the projection 37 climbs up the bev- 
eled bottom surface 39b. As the spring 36 flexes 
outwardly, the spring 36 exerts a larger pressing force 
which acts on the supporting member 38. The spring 36 
may be formed at a plurality of locations in the base 35. 
The rest of the construction is the same as that of the 
sixth modification, 

The aforementioned construction where the spring 

36 urges the supporting member 38. can conveniently 
absorb dimensional errors ol the supporting member 
38, lens array 10, and LED array unit 7 if the cumulative 
error is smaller than a predetermined value upon 
assembling these structural elements. The construction 
facilitates the assembly operation of the optical print 
head and ensures that the lens array 10 is firmly held by 
the base 35. 

The base 38 may be formed with a generally L- 
shaped groove 40 as shown in Fig. 12 in place of the I- 
shaped groove 39. When assembling, the base 35 is fit- 
ted to the base 38 so that the projection 37 slides in the 
groove 40 and then slides laterally to climb a beveled 
surface 40b, the wall 40c of the L-shaped groove pre- 
venting the spring 36 from being pulled out. Then, the 
base 35 is fastened to the base 38 so that the projection 

37 will not climb down the beveled surface 40b. The pro- 
jection 37 may climb fully the beveled slope 40b and 
pass onto the flat surface of the base 35 in which case 
the base 35 is fixed to the base 38 by some parts of the 
optical print head, not shown. 

Second embodiment 

Fig. 1 3 is a perspective view of an LED array unit of 
a second embodiment. Fig. 14 is a front view of Fig. 13 
as seen in a direction shown by arrow A and Fig. 1 5 is a 
side view taken along lines XV-XV. The second embod- 
iment differs from the first embodiment in the arrange- 
ment of the LED array chips. 

Referring to Fig. 13, an. LED array chip 42 includes 
light-emitting elements 3 disposed in its side surface. 
The LED array chips 42 are aligned in an upper row and 
a lower row in such a way that one LED chip 43A is 
mounted face up in the lower row between the adjacent 
LED array chips 43B- mounted face down in the upper 
row. The LED array chips 43B in the upper row are held 
overlapping in part with the adjacent LED array chips 
43A in the lower row. The light emitting elements 43a 
and 43b are offset from the center line of the side sur- 
face, so that the light emitting elements 43a and 43b are 
aligned substantially in line when the upper and lower 
LED array chips 43A and 43B are assembled on the cir- 
cuit board 1 in the aforementioned alternate arrange- 
ment. The LED array chips 42a in the lower row are 
connected to the corresponding driver ICs 44a by bond- 
ing wires 5. The LED array chips 42a in the upper row 
are positioned such that they overlap the corresponding 
driver ICs 44b in part. 

Fig. 14 illustrates the LED array chip 42b in the 
upper row overlapping the LED array chip 42a in the 



lower row. Distance W1 is the center-to-center distance 
between the extreme light emitting element 43aa and its 
adjacent light emitting elements 43a of the LED array 
chip 42a. Distance W3 is the center-to-center distance 

5 between the extreme light emitting element 43ba and its 
adjacent light emitting element 43b of the LED array 
chip 42b. W1 is equal to W3. The distance W2 between 
the center of the extreme light emitting elements 43aa 
and the side surface of the LED array chip 42a is 

w selected to be longer than the distance W1/2, so that 
the distance W4 can be adjusted to the distance W1 or 
W3 when the LED array chips 42b is held overlapping 
with the LED array chip 42a. It is to be noted that the 
LED array chip 42b is held by the driver IC 44b and is 

is not in contact with the LED array chip 42a. 

Fig. 15 illustrates the LED array chip 42b in the 
upper row and the corresponding driver IC 44b. The 
LED array chip 42b has an electrode pattern 45 on its 
under side and the electrode pattern 45 is electrically 

20 connected via a bump electrode 46 of the driver IC 44b. 
The constructions of the lens array, base, and sup- 
porting member of the second embodiment may be the 
same as those of the first embodiment or the modifica- 
tions of the first embodiment. 

25 Selecting the distance W2 to be somewhat longer 
than the distance W1/2 allows adjustment of the center- 
to-center distance W4 between the light-emitting ele- 
ments 43aa and 43ba to the distance W1 . This makes it 
possible to manufacture LED print heads having a high 

30 resolution while still maintaining the same print quality. 
The arrangement where the LED array chips in two 
rows are partly overlapping absorbs dimensional varia- 
tions of the LED array chips to some extent. Therefore, 
the LED array chips may be scribed in as large a size as 

35 possible prior to during dicing process of a wafer, ensur- 
ing the manufacture of the LED array chips with high 
yield. 

Fig. 16 is a front view of an LED array chip which is 
a modification of the second embodiment. Fig. 17 is a 

40 perspective view of a wafer of the modified LED array 
chip. Referring to Fig. 16, the upper corner 47a of the 
LED chip 42a in the lower row is removed by etching. 
Likewise, the lower corner 47b of the LED chip 42b in 
the upper row is removed by etching. Removing the cor- 

45 ners 47b and 47a of- the upper and lower LED array 
chips 42b and 42a, respectively, allows the upper LED 
array chip 42b to be positioned at a vertically lower level 
in the arrangement shown in Fig. 16 than in arrange- 
ment shown in Fig. 14, so that the light emitting ele- 

so ments in the upper and lower LED array chips 42b and 
42a can be aligned exactly on a single, straight line P- 
P\ 

Fig. 17 shows a wafer 48 of an LED array 49 before 
it is cut into individual LED array chips 42. The LED 
55 array 49 includes light-emitting elements 43 formed in 
tine. The light-emitting elements 43 are to be connected 
via pads 45 to the driver ICs. Groove 51 are formed to 
extend perpendicular to a direction of the LED array 49 
in which the light-emitting elements 43 are aligned, 
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delining LED chips each of which has a predetermined 
number of light emitting elements 43. The grooves 51 
are formed by etching during the photolithography proc- 
ess in which the light emitting elements 43 of the LED 
array chip 42 are formed, and can therefore be formed 5 
with a high dimensional accuracy. The LED array 49 is 
cut at the groove 51 to separate into individual LED 
array chips 42 at the dicing region 50. 

The aforementioned modification, further improves 
the print quality of the optical print head of the second 10 
embodiment. 

Third embodiment 

Fig. 18 is a cross-sectional view of an LED print /5 
head of a third embodiment. The constructions of a sup- 
porting member 62 and a base 35 having a U-shaped 
cross section are the same as those of the supporting 
member 39 and the base 35 shown in Fig. 10. The base 
35 is made of metal . The supporting member 62 may be 20 
made of any suitable material. An upper ptate 35b of the 
base 35 is formed with a spring 36 therein similar to that 
in Fig. 1 1 A and a projection 37 projecting inwardly of the 
base 35. The supporting member 62 has an engaging 
portion 63 at its free end. The engaging portions 53 has 25 
a beveled surface 63a downwardly extending toward the 
tip of the engaging portion 63. The spring 36 urges the 
engaging portion 63 against the lens array 10 when 
assembled. 

Inserted between the lens array 10 and a lower 30 
plate 35a is a positioning member 64. Fig. 19 is a frag- 
mentary perspective view of the positioning member 64. 
Referring to Fig. 19, the positioning member 64 is 
formed with a cutout 67 therein and projections 65 of an 
inverted L-shape at one end of the positioning member 35 
64. Another projection 66 is formed at the end of the cut- 
out 67 and rises in a direction in which the projections 
65 rises from the positioning member 64. As shown in 
Fig. 18, when assembled to the LED print head 61 , the 
L-shaped projections 65 engage a circuit board 1 press- ao 
ing the side surface 1a and top surlace of the circuit 
board 1 while the projection 66 abuts the side surface 
I0d of the lens array 10. In other words, the position of 
the lens array 10 relative to the LED array unit 7 is deter- 
mined by the distance D between the projections 65 and 45 
66, thereby ensuring that the focal point of the lens array 
10 is on the light-emitting elements 3. 

The thickness t of the positioning member 64 is 
selected such that the optical axis 10e of the lens array 
1 0 is at the same height from the lower plate 35a as the so 
light-emitting elements 3 of the LED array chips 2. The 
projections 65 press the circuit board 1 against the 
lower plate 35a facilitating the heat transfer from the 
board 1 to lower plate 35a. 

The positioning member 64 is formed by bending a 55 
metal sheet having the same thickness as the spacer 26 
of the fourth modification of the first embodiment. The 
positioning member 64 may also be formed, for exam- 
ple, by molding a material such as resin. 



Fig. 20 is a cross-sectional view of an LED print 
head 71 which is a modification of the third embodi- 
ment. Fig. 21 is a perspective view of a relevant part of 
the LED print head 71. A metal base 72 has a cross 
seclion of a generally U-shape and includes an upper 
plate 72b and a lower plate 72a. The lower plate 72a is 
formed with a U-shaped holes 77 therein which defines 
a spring 73. The spring 73 is formed with an inwardly 
projecting small projection 74 thereon. When the LED 
print head 71 is assembled, the projection 74 abuts the 
board 75 of the LED array unit 7 and yieldably flexes 
outwardly while urging the circuit board 75. 

The board 75 has an exposed conductive pattern 
76 which electrically contacts with the projection 74 of 
the spring 73. The rest of the construction of the LED 
print head 71 is the same as the third embodiment. A 
plurality of the springs 73 and projections 74 may be 
formed, as required. 

Static electricity resulting from the location of the 
optical print head close to the photosensitive drum may 
damage the optical print head. Static electricity may 
also cause discharge between an operator's body and 
the optical print head when the operator touches or gets, 
close to the print head during maintenance. 

The exposed conductive pattern 76 in contact with 
the base 72 provides a path of static electricity devel- 
oped in the base 72 to. the ground, thereby preventing 
the damage of the optical print head. 

Fourth embodiment 

Fig. 22 is a cross-sectional view of an LED print 
head of a fourth embodiment and Fig. 23 is a fragmen- 
tary cross-sectional perspective view of a lower sup- 
porting member used in the fourth embodiment. 

A metal base 82 having a U-shaped cross section 
includes upper and lower plates 82b and 82a, which 
hold an upper supporting member 83 and a lower sup- 
porting member 84 in a sandwiched relation. The lower 
supporting member 84 includes an LED support 84a 
and a lens support 84b. The upper supporting member 
83 engages upper and side surfaces of the circuit board 
1 of the LED array unit 7 and cooperates with the LED 
support 84a to firmly hold the LED array unit 7 therebe- 
tween in a sandwiched relation. The upper supporting 
member 83 engages a lens array 10 and cooperates 
with the lens support 84b to firmly hold the lens array 10 
therebetween in a sandwiched relation. 

The LED support 84a is made of, for example, alu- 
minum alloy and has a groove 86 formed therein. The 
lens support 84b is made by molding a resin and has a 
projection 85. The projection 85 fits into the groove 86 
so that the LED support 84a is firmly connected to the 
lens support 84b into an integral construction. 

The LED support 84a made of aluminum alloy pro- 
vides efficient heat transfer from the circuit board 1 to 
the base 82, improving heat dissipation, and provides a 
higher rigidity preventing the deformation of the lens 
support 84b. 
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The lens support 84b is formed with a projection 87 
thereon which serves to position the lens array 10 in the 
direction of its optical axis. The rod lens 10 is bonded to 
the lens support 84b by an adhesive 12. The lens sup- 
port 84b is made of a material such as phenol resin, 5 
epoxy resin, or unsaturated polyester resin. 

The use of resin to form the lens support has the 
following advantage. The lens support 84b is closer to 
the photosensitive drum 11 than the LED support 84a 
when assembled in the electrophotographic printer. The 10 
surface of the photosensitive drum 1 1 is charged and 
then an electrostatic latent image is formed in the 
charged surface. If metal is in proximity to the charged 
surface, then an electric field is developed between the 
metal and the charged surface of the photosensitive is 
drum 1 1. Generally, static electricity is detrimental to the 
print head frame and therefore the metal material of the 
frame is usually grounded. As a resull. the metal con- 
struction is always at zero volts so that an electric field 
is necessarily developed between the print head frame 20 
and the photosensitive drum 11. If toner particles are 
left on the photosensitive drum 1 1 , the toner particles 
may adhere to the LED print head with the aid of the 
electric field between the photosensitive drum 1 1 and 
the print head frame. The toner particles adhering to the 25 
LED print head interfere with the light which illuminates 
the photosensitive drum 11 during printing operation, 
leading to poor print quality. Therefore, forming the lens 
support 84b of resin rather than metal, effectively pre : 
vents deterioration of print quality. 30 

The LED support 84a and lens support 84b are 
made of materials having substantially the same coeffi- 
cient of thermal expansion. The substantially the same 
coefficient of thermal expansion prevents deformation 
of the overall construction of the lower supporting mem- 35 
ber 84 which is encountered if the LED support 84a and 
lens support 84b have considerably different coeffi- 
cients of thermal expansion. 

The invention being thus described, it will be obvi- 
ous that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such modi- 
fications as would be obvious to one skilled in the art 
are intended to be included within the scope of the fol- 
lowing claims. 

Claims 

1 . An optical print head, comprising: 

a light-emitting array chip (2) having light emit- 
ting elements (43); 

a driver IC (4) electrically driving said light- 
emitting array chip (2) to emit light; 
a lens array (10) having a focal point, said lens 
array (10) gathering the light emitted from said 
light-emitting elements (43) and emanating the 
gathered light, said lens array (10) being posi- 
tioned relative to said light-emitting array chip 



(2) so that the focal point of said lens array (10) 
is on the light-emitting elements (43); and 
a circuit board (1 . 75) having a surface to which 
said light-emitting array chip (2) and said driver 
IC (4) are mounted, said circuit board (1, 75) 
supporting said light-emitting array chip (2) so 
that said light-emitting elements (43) emit the 
light in a first direction parallel to the surface of 
said circuit board (1 , 75). 

2. The optical print head according to Claim 1, 
wherein there are provided a plurality of said light- 
emitting array chips (2) and a plurality of said driver 
ICs, said plurality of light-emitting array chips (2) 
being aligned straight in a second direction perpen- 
dicular to the first direction and parallel to the sur- 
face of said circuit board. 

3. The optical print head according to Claim 2, 
wherein said light-emitting array chips (2) are 
mounted on said driver ICs, each light-emitting 
array chip (2) being electrically and mechanically 
connected to the corresponding driver IC. 

4. The optical print head according to Claim 2. 
wherein said light-emitting array chips (2) are posi- 
tioned relative to a front edge of said circuit board 
such that the focal point of said lens array (10) is on 
the light-emitting elements (43) when the front edge 
of said circuit board is positioned to abut said lens 
array. 

5. The optical print head according to Claim 2 further 
including a reference member (24, 28, 35, 72), 
wherein said light-emitting array chips (2) and said 
lens array (10) are positioned relative to said refer- 
ence member in a third direction normal to the sur- 
face of said circuit board. 



40 6. The optical print head according to Claim 5 further 
including a spacer (26) inserted between said refer- 
ence member (24, 28, 35, 72) and said lens array 
(10) so as to adjust the position of the optical axis of 
said lens array (10) in said third direction. 

45 

7. The optical print head according to Claim 5, 
wherein said reference member (28, 35, 72) has a 
first plate (28a, 35a. 72a) and a second plate (28b, 
35b, 72b) opposing each other, and said circuit 
50 board (1) and said lens array (10) are sandwiched 
between said first and second plates, said light- 
emitting array chips (2) and said lens array (10) 
being positioned relative to said first plate. 

55 8. The optical print head according to Claim 7. 
wherein said reference member has a spring which 
urges said lens array so as to firmly hold said lens 
array (10) Between said first and second plates. 
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9. The optical print head according to Claim 2 further 
including a positioning member (64), wherein said 
positioning member (64) positions said lens array 
(10) relative to said light-emitting elements (43) in 
the third direction. 5 



10. The optical print head according to Claim 9. 
wherein said circuit board (75) has a conductive 
pattern (76) formed thereon, and said reference 
member is connected to ground and has an electri- 10 
cal contact (74) in contact with the conductive pat- 
tern (76). 

11. The optical print head according to Claim 2 further 
including a supporting member (84) having a first is 
support (84a) made of a metal and a second sup- 
port (84b) made of a resin, said first support (84a) 
supporting said circuit board (1) and said second 
support (84b) supporting said lens array (10). 

CO 

12. The optical print head according to Claim 11, 
wherein said first support (84a) is secured to said 
second support (84b), said first and second sup- 
ports (84a, 84b) having a substantially same coeffi- 
cient of thermal expansion. 25 

13. The optical print head according to Claim 1. 
wherein there are provided a plurality of said light- 
emitting array chips, each of said light-emitting 
array chips having a side surface with a center line 20 
extending parallel to the second direction, said light 
emitting elements being offset from the center line, 
wherein said light emitting array chips are arranged 

in an upper row and in a lower row, the chips in the 
lower row being mounted face up and the chips in 35 
the upper row being mounted face down, the chips 
in the upper row overlapping with adjacent chips in 
the lower row such that the light-emitting elements 
are equally spaced in the second direction. 

40 

14. The optical print head according to Claim 13. 
wherein said light-emitting array chips have corner 
portions cut away and said light-emitting array chips 
in the upper row are positioned relative to said light- 
emitting array chips in the lower row such that the 45 
light-emitting elements are in a single line extend- 
ing in the second direction. 
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(54) Optical print head 

(57) An optical print head includes light-emitting 
array chips (2), driver ICs (4), lens array (10), and circuit 
board (1) on which the light-emitting array chip (29 and 
driver IC are mounted. The light-emitting array chips (2) 
are aligned in line on the circuit board in the direction in 
which the rod lens extends. Each light-emitting array 
chip (2) has light emitting elements (43) therein aligned 
in line. The driver iC (4) electrically is connected to the 
corresponding light-emitting array chip (2), and electri- 
cally drives the light-emitting array chip (2) to emit light. 
The lens array (10) gathers the light emitted from said 



light-emitting elements (43) and emanates the gathered 
light. The lens array (10) has a focal point and is posi- 
tioned relative to the light-emitting array chip (2) so that 
the focal point of the lens array (1 0) is on the light-emit- 
ting elements (43). The circuit board has a surface on 
which the light-emitting array chip (2) and the driver IC 
(4) are mounted. The circuit board (1 , 75) supports the 
light-emitting array chip (2) so that the light-emitting ele- 
ments (43) emit the light in a direction parallel to the sur- 
face of the circuit board (1. 75). 
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